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A comparison of the predicted and observed tides at Monterey,
California conducted over the period of a year revealed that the hourly
water-level differences did not exceed i 0.9 feet in magnitude. 263
water-level anomalies of duration up to 362 hours were identified, of
which 42 were of duration greater than twelve hours. It was determined
that change in atmospheric pressure is the dominant causitive factor
of hourly water-level differences and that the water-level response is
approximately hydrostatic. The changes in atmospheric pressure asso-
ciated with the 42 water-level anomalies examined were found to be
manifestations of the eastward or westward migration of the isobaric
gradient due to either intensification or movement of the quasi-permanent
high and low pressure systems in the region.
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I. INTRODUCTION
The astronomical tides are periodic undulations of the sea surface
height which are readily predictable. Meteorological and oceanographical
factors exert short-terra influences which can cause additional deviations
from the mean ocean level; these additional water-level deviations are
superimposed upon those caused by the tides and are not predictable
with the exception of wind-induced storm tides generated over wide
\
continental shelves.
It was the purpose of this study to examine the nature of the non-
astronomically produced water-level deviations at a selected tide station
on the California coast over the period of a year and to inquire about
their causes. These deviations were derived by comparing the predicted
tide with the observed tide hourly. It was found that the observed
water-level deviated from the predicted over varying periods of time
ranging from less than six hours to as long as 15 days. These periods
were considered anomalous.
Initial examination of various factors that might induce anomalous
water levels indicated that atmospheric pressure variations were a
dominant factor. Accordingly, the effect of atmospheric pressure was
examined in detail to determine the extent of its influence in producing
the hourly water-level differences and the anomalous periods observed.

II. COLLECTION AND ANALYSIS OF TIDE DATA
The observed tide data were recorded on a standard recording tide
gage maintained by the Naval Postgraduate School on Monterey Municipal
Wharf No. 2, Monterey, California (Figure 1). The recording period
selected for this study was an annual cycle extending from 28 January
1971 through 2 February 1972, a period of 370 days. Selection of the
calendar year 1971 would have been more desirable but the tide gage
required repair in January and recording during that month was incomplete.
Recording was continuous throughout the entire period selected with the
exception of three intervals totaling forty hours which required inter-
polation.
The monthly tide rolls from the tide gage were reduced to yield
heurly water-level heights, and heights and times of high and low waters,
following the standard procedures used by the National Ocean Survey
(Coast and Geodetic Survey, 1965) . Heights were measured to the closest
0.1 foot and resolution of the time of high and low waters was to the
closest six minutes.
The Tides Branch, National Ocean Survey, Rockville, Maryland performed
a harmonic analysis of the observed tide data, isolating 37 harmonic
constituents (Appendix A). Utilizing all 37 constituents, predicted
hourly heights and heights and times of high and low waters were computed
for the period 1 February 1971 through 31 January 1972. Only the hourly
heights were used in this study. From the predicted hourly heights, the
differences between the observed and predicted hourly water levels were
computed. This residual constituted the hourly water-level differences
8

that form the basic data used in this study, The variability of the
values of hourly water-level difference with time indicate a precision
of t 0.1 foot for the data.

1 1 1







\ *•--: Ty }} a \\ 36°50-
'"••
••'"'•••. / L^:"' :: "' '<::•• •v^-/-^ MOSS




/ :••" "'^ ,/y / 1
X ( \ N /"' / (
[M c^JJ j )J
•: ) /"" / ."" //
/ > L 1 J tide y n 36°4°-
/ J ? .-•"""" ..- GAGE // A
/ / ) I I lr 4t£®£s i .NAVAL AIR
=
..
/ v f\ 1 \\ j( ^W^^ C=3 FACILITY
7../ ...-•' I \ } % (if MONTEREY
\ *-\ V\ sV ' MILES
:
:
, * "~^\ 6 1 2 4 8
[
N





i | (\ $&*
j
Figure 1: TIDE GAGE LOCATION, MONTEREY, CALIFORNIA
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III. DISTRIBUTION OF WATER-LEVEL DEVIATIONS
A. STATISTICAL DISTRIBUTION OF HOURLY WATER-LEVEL DIFFERENCES
The difference between the observed and predicted tide height at a
given time is referred to here as a water-level difference. A given
water-level difference is termed positive (negative) when the observed
water level is greater (less) than the predicted height. A sample of
the hourly water-level difference data appears in Figure 3A.
The differences between the observed and predicted hourly water
levels were first examined independently of trends appearing in the
hourly time series. The frequency distribution of the 8760 water-level
differences contained in the year of tide data is shown in Table 1 and
Figure 2. The distribution is very nearly normal about a zero water-
level difference. The extreme water-level differences noted did not
exceed
_ 0.9 foot, and sixty-three percent of the hourly differences
fell in the range from +0.1 to -0.1 foot.
The distribution of hourly water-level differences by months is
summarized in Table 2. It may be noted that the fall and winter months
generally exhibit the greatest number of water-level differences.
B. PERIODS OF ANOMALOUS WATER LEVEL
1. Definition of Anomalous Water-Level Period
Examination of the hourly water-level data revealed that
throughout the year there were periods of consecutive hourly water-level
differences of like sign varying from two to 362 hours in duration.
Noting that the precision of both the observed and predicted hourly
water levels was 0.1 foot, the decision was made to consider only hourly
11

water-level differences equal to or greater than an absolute value of
0.2 feet as indicating a real water-level difference. Accordingly, the
data were filtered so as to delete all values of -0.1, 0.0 and +0.1 feet.
A sample of the hourly water-level difference data before and after
filtering is presented in Figures 3A and 3B.
In summary, a water-level anomaly, for the purposes of this
study, is defined as follows:
a. An anomaly begins when the hourly water-level differences
become - 0.2 feet or greater and ends when the hourly water-level
differences fall below _ 0.2 feet. It follows that a water-level anomaly
consists of like signed hourly water-level differences. The existance of
hourly values less than t 0.2 feet was tolerated within the interval of
a water-level anomaly only when it appeared that they were indicative
of the general trend of the anomaly.
b. A water-level anomaly has a duration of two hours or greater.
2. Occurrence of Water-Level Anomalies
All water-level anomalies occurring during the year, as
defined above, were identified from the time series of hourly water-level
differences, and their frequency of occurrence by duration and month are
presented in Table 3. It may be noted from the table that of the 263
anomalies found, only 21 were of a duration longer than 24 hours, with
a tendency for the longer anomalies to occur in the fall and winter
months. There was a slight tendency for a greater number of short
anomalies (11 hours or less) to occur in the spring and summer months.
Those anomalies of duration 12 hours or longer were examined in detail
and their properties are tabulated in Appendix B.
12

Attention was also directed to periods of extreme water-level
difference, considered here to include all values of hourly water-level
difference equal to or greater than +0.4 feet (667 values or eight per-
cent of the total number of hourly water-level differences from Table 1)
.
A summary of the occurrence of those extreme periods by duration and month
is given in Table 4. It may be noted that the distribution by months is
irregular, with a tendency for a greater occurrence in the fall and winter
months. Of the 61 extreme water-level periods identified, 47 (77%) were
of a duration less than 12 hours. The properties of these extreme per-
iods are tabulated in Appendix C.
13

TABLE I: FREQUENCY DISTRIBUTION OF HOURLY WATER-LEVEL DIFFERENCES
DIFFERENCE











































































FIGURE 2: FREQUENCY DISTRIBUTION OF HOURLY WATER-LEVEL DIFFERENCES
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TABLE 2: MONTHLY DISTRIBUTION OF HOURLY WATER-LEVEL DIFFERENCES
NO. POSITIVE NO. VALUES OF NO. NEGATIVE
[ONTH VALUES ZERO DIFFERENCE VALUES
FEB 1971 280 129 263
MAR 254 113 377
APR 276 218 226
MAY 409 183 152
JUN 168 182 370
JUL 179 276 289
AUG 124 280 340
SEP 345 196 179
OCT 272 168 304
NOV 162 163 395
DEC 367 98 279
JAN 1972 374 154 216
TOTAL 3210 2160 3390
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3 4 5_ 6 1_ 8
00 -0.3 -0.2 -0.1 -0.1 -0.1 -0.1 -0.2 0.0
ox -0.3 -0.2 -0.1 -0.1 -0.1 -0.1 -0.1 0.0
02 -0.3 -0.2 -0.1 -0.2 -0.1 0.0 -0.1 0.0
03 -0.2 -0.1 -0.1 -0.1 0.0 0.0 -0.1 -0.2
04 -0.2 -0.2 -0.1 -0.1 0.0 0.0 0.0 -0.1
05 -0.3 -0.1 -0.1 -0.1 -0.1 0.0 -0.1 0.0
06 -0.2 -0.1 -0.1 -0.1 -0.1 0.0 0.0
.
0.0
07 -0.2 -0.1 -0.1 -0.1 -0.1 0.0 -0.1 -0.1
08 -0.2 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0.0
09 -0.2 -0.1 -0.2 -0.1 0.0 0.0 -0.1 0.0
10 -0.2 -0.1 -0.2 -0.2 -0.1 -0.1 -0.1 -0.1
11 -0.2 0.0 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
12 -0.2 -0.1 -0.2 -0.2 -0.1 -0.1 -0.1 -0.1
13 -0.2 -0.1 -0.2 -0.2 -0.1 -0.1 -0.1 0.0
14 -0.2 -0.1 -0.2 -0.2 -0.2 -0.1 -0.1 -0.1
15 -0.2 -0.1 -0.2 -0.2 -0.2 -0.1 -0.2 0.0
16 -0.2 -0.1 -0.2 -0.2 -0.3 -0.2 0.0 0.0
17 -0.2 -0.2 -0.2 -0.2 -0.3 -0.1 -0.1 0.0
18 -0.2 -0.2 -0.3 -0.2 -0.1 -0.2 -0.1 0.0
19 -0.2 -0.2 -0.2 -0.2 -0.1 -0.1 0.0 0.1
20 -0.2 -0.3 -0.2 -0.2 -0.1 -0.1 0.0 0.0
21 -0.3 -0.1 -0.2 -0.2 -0.1 -0.2 0.0 -0.1
22 -0.2 -0.2 -0.1 -0.2 -0.1 -0.1 -0.1 -0.1
23 -0.3 -0.2 -0.2 -0.1 -0.1 -0.1 -0.1 -0.1
17

Figure 3B; SAMPLE OF THE FILTERED HOURLY WATER-LEVEL DIFFERENCE DATA
Month: June
DATE
HOUR 1 2 3 4 5_
00 -0.3 -0.2
01 -0.3 -0.2








10 -0.2 -0.2 -0.2
11 -0.2
12 -0.2 -0.2 -0.2
13 -0.2 -0.2 -0.2
14 -0.2 -0.2 -0.2 -0.2
15 -0.2 -0.2 -0.2 -0.2
16 -0.2 -0.2 -0.2 -0.3
17 -0.2 -0.2 -0.2 -0.2 -0.3
18 -0.2 -0.2 -0.3 -0.2
19 -0.2 -0.2 -0.2 -0.2
20 -0.2 -0.3 -0.2 -0.2
21 -0.3 -0.2 -0.2
22 -0.2 -0.2 -0.2
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IV. RELATIONSHIP OF WATER-LEVEL DEVIATIONS TO ATMOSPHERIC PRESSURE
A. INTRODUCTION
Water-level variations observed on the Pacific Coast which are con-
sidered to have been caused by meteorological or oceanographic
processes have been studied by several investigators. Jacobs (1939)
related changes in mean monthly sea level at four California tide sta-
tions to wind-driven water transport along the Pacific Coast; the
wind-driven system, he concluded, was directly controlled by the devel-
opment of the North Pacific high pressure cell. He doubted that the
meteorological factor (s) responsible for short-period local water-level
deviations could be isolated. Armstrong (1958) investigated the cor-
relation between the average monthly sea level and the average monthly
atmospheric pressure at five tide stations on the Canadian Pacific
Coast; he discovered that the sea-level response was greater than theo-
retically predicted and concluded that both wind-stress and atmospheric
pressure changes were responsible for the observed deviations in the
monthly mean sea level. O'Connor (1964), in investigating short-period
water-level deviations at Monterey, concluded that variations in atmos-
pheric pressure masked all but the strongest wind effects but he was
unable to discover any clear relationship.
In the present study, in order to identify the causes of the ob-
served water-level anomalies, attention was directed to those factors
having similar durations. Accordingly, the following factors were ex-
amined on an hourly basis in relation to the water-level anomalies
studied:
1. Wind speed and direction recorded at two locations considered
to be reasonably representative of the local winds over Monterey Bay:
24

a. Naval Air Facility, Monterey; wind data recorded hourly.
b. Pacific Gas and Electric Company Power Plant, Moss Landing,
California; wind data recorded every two minutes and averaged over the
period of an hour. The anemometer was located at a height of 225 feet
above the ground.
2. Sea-level pressure recorded continuously at the Naval Postgra-
duate School.
3. Sea-Surface temperature recorded on Monterey Municipal Wharf
No. 2. \
From a comparison of these parameters with the water-level anomalies
studied, a close association was evident to the atmospheric pressure,
but no relationship could be observed to wind velocity or to water
temperature. The effects of wind stress on the water level were anti-
cipated; a possible explanation for the absence of a water-level
response to the wind is that the tide-gage location is sheltered behind
the Monterey Peninsula from the prevailing westerly onshore wind direc-
tions (SW to NW).
The fact that the continental shelf is narrow and the water is rel-
atively deep close to shore undoubtedly greatly minimizes the wind set-
up compared to that observed on coasts off which the shelf is broad and
shallow near shore.
In view of the close association observed between water-level vari-
ations and atmospheric pressure, this relationship was examined in detail,
Three approaches were taken:
1. Determination of the statistical relationship between time-
coincident values of water-level difference and atmospheric pressure at
a six-hourly sampling interval.
25

2. Examination of the atmospheric pressure variation associated
with the observed water-level anomalies.
3. Examination of the synoptic weather situations associated
with water-level anomalies.
B. STATISTICAL RELATIONSHIP BETWEEN ATMOSPHERIC PRESSURE AND WATER-
LEVEL DIFFERENCE
The atmospheric pressure prevailing at Monterey was extracted from
the National Weather Service surface analysis charts prepared daily at
0000, 0600, 1200, 1800 GMT. Fourteen hundred six-hourly pressure values
out of the 1460 charts covering the year selected were obtained since
not all of the charts were of sufficient clarity for use. The pressure
value was taken from the Monterey station report.
The six-hourly pressure values were subjected to a standard re-
gression analysis with those hourly water-level difference values
occurring at the same time. The results of the analysis, conducted by
months and over the year considered in the study, are presented in
Figures 4 through 16. The numbers in each figure indicate the number
of occurrences of each combination of atmospheric pressure and water-
level difference indicated by the coordinates.
The results of the regression analysis, including the arithmetic
means of atmospheric pressure and water-level difference, are summarized
in Table 5. The slopes of the regression lines principally fall in the
range -0.018 to -0.038 ft/mb, with only three months lying outside this
range. The sum of the squares indicates the spread of the data points;
it may be seen that the regression-line fit is generally poorer in the
winter months. It may also be noted that the intercept of the regres-
sion lines with zero water-level difference generally coincides closely
26

with the mean monthly atmospheric pressure. The pressure corresponding
to the regression-line intercept with zero water-level difference is
that pressure considered to be statistically least likely to have
caused a water-level deviation.
Figure 17 shows graphically the monthly values of the mean atmos-
pheric pressure and the pressure corresponding to the regression-line
intercept, along with a long-term mean pressure at Monterey for compar-
ison. The latter values were obtained from monthly mean surface
pressure charts of the northern hemisphere over the five-year period
1963-1968 (Hesse and Stevenson, 1968). It may be noted that all three
mean pressures display the same general trend of lower pressure during
the summer months and higher pressure during the winter months.
The theoretical response of water level to changes of atmospheric
pressure equals a water-level change of ±0.1 foot for +3 millibars of
pressure change; the slope of this linear relationship is -0.033
ft/mb. It may be concluded from the regression-line slopes listed in
Table 5, that the water level at Monterey responds to a change in at-
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TABLE 5: REGRESSION ANALYSIS SUMMARY
MEAN WATER REGRESSION REGRESSION
MEAN LEVEL LINE SUM LINE
PRESSURE DIFFERENCE SLOPE OF INTERCEPT
MONTH (mb) (feet) (ft/mb) SQUARES (mb)
FEB 1971 1021.2 0.000 -0.035 2.41 1020.8
MAR 1021.4 -0.054 -0.038 2.58 1020.0
APR 1018.3 0.018 -0.023 1.36 1020.0
MAY 1016.9 0.048 -0.032 1.16 1018.3
JUN 1016.3 0.037 -0.035 1.13 1014.9
JUL 1015.3 -0.009 -0.027 1.16 1014.8
AUG 1014.5 -0.041 -0.010 1.46 1010.5
SEP 1013.3 0.066 -0.023 1.79 1015.8
OCT 1016.1 -0.002 -0.029 1.62 1016.4
NOV 1020.5 -0.001 -0.006 3.25 1016.0
DEC 1020.0 -0.005 -0.047 6.27 1020.0
JAN 1972 1022.5 0.092 -0.018 3.46 1025.8



































C. ATMOSPHERIC PRESSURE VARIATIONS ASSOCIATED WITH WATER-LEVEL ANOMALIES .
The large number of water-level anomalies occurring during the year
(263) were reduced to an amenable number by focusing attention on those
anomalies having a duration of twelve hours or greater. This lowered the
number to be investigated to 42 (Appendix B) . In the investigation of
the effect of variations of atmospheric pressure in producing anomalies,
the distribution of hourly sea-level pressures at Monterey was compared
with the hourly water-level differences comprising each anomaly. The
hourly pressures were obtained from a standard barograph at Monterey;
they agreed with the six-hourly values described in the previous section
which were obtained from weather charts.
An example of a water-level anomaly and the associated pressure
distribution is displayed in Figure 18. The smooth curve shown in the
figure represents the water-level variation derived from the pressure
distribution assuming a hydrostatic response; the water-level at the
beginning of the anomaly is considered to be adjusted to the initial
pressure. It may be noted that the hourly water-level differences show
the same trend as the hourly pressure values with almost no lag in
response. The water level appeared to over respond during the rapid drop
in pressure at the onset of the pressure change, but during the period of
rising pressure, responded very nearly in a hydrostatic manner.
The degree of response of the water level to an atmospheric pressure
change can be expected to be a function of the rate of change of pressure,
When the pressure change occurs slowly full hydrostatic response should
be expected; however, with a rapid pressure change the amplitude of the
watec-level anomaly produced should be less than that expected hydro-
statically, and the time of the water-level peak (maxima or minima)
should lag behind that of the pressure peak.
44

Of the 42 water-level anomalies examined, all but one were found
to respond to a variation in atmospheric pressure such that an increase
(decrease) in atmospheric pressure produced a negative (positive)
water-level anomaly. The one exception occurred beginning on 29 Nov-
ember. In response to slow changes of pressure, the water-level
exhibited little or no time lag, but the lag was variable and generally
amounted to one to three hours with rapid pressure changes of large
magnitude. The amplitude response of the water level anomaly was nearly
hydrostatic with respect to the imposed pressure.
45

D. SYNOPTIC WEATHER EVENTS ASSOCIATED WITH ANOMALIES
Having noted the association of atmospheric pressure variations and
water-level anomalies, the National Weather Service six-hourly surface
analysis charts were examined to determine if these pressure variations
could be related to synoptic weather situations. This examination was
performed by comparing the isobaric patterns on each of the six-hourly
charts of each month with the long-term mean monthly pressure pattern
for the northern hemisphere compiled by Hesse and Stevenson (1968)
.
The North Pacific high-pressure cell and the predominant low pressure
cell or trough extending northward over Mexico and the southwestern
United States are characteristic features of the long-term surface
pressure distribution throughout the year, although they vary in intensity
and location with the seasons. These climatic features may be seen in
Figures 19 and 21. It was found that the intensification or displacement
toward Monterey of either of these features was directly related to the
atmospheric pressure changes which caused the majority of the observed
water-level anomalies.
Examples of the two types of synoptic situations found to be respon-
sible for 35 of the 42 anomalies examined are illustrated in Figures 19
through 22. Figure 19 displays the long-term mean pressure pattern for
the month of May. The weather chart for 1600 PST, 6 May, 1971 shown in
Figure 20 illustrates the intensification of the low-pressure trough and
its advance over Northern California. Figure 21 displays the long- terra
mean pressure pattern for the month of June; Figure 22 for 0400 PST, 1
June shows the intensification of the North Pacific high pressure cell
and the displacement of the isobars toward the Pacific Coast. The
synoptic weather situations shown in Figures 20 and 22 produced a
46

positive and a negative anomaly respectively, each of about two days
duration.
The synoptic weather situations that were found to be related to
the atmospheric pressure changes causing 41 of the 42 anomalies examined
are as follows:
1. Intensification of the North Pacific high-pressure cell and
displacement of the pressure gradient toward the Pacific Coast, producing
above normal pressures at Monterey (12 cases)
.
2. Intensification of the predominant low-pressure trough over
Mexico and the southwestern United States and its advance northward
over Northern California, giving below normal pressures at Monterey
(23 cases). Occasionally, low-pressure centers of small size formed
within the enlarged low pressure trough.
3. Frontal passage with an associated decrease in pressure
(5 cases)
.
4. Passage of a high-pressure center not related to the North
Pacific high-pressure cell (1 case)
,
In examining the successive six-hourly weather charts, these synop-
tic weather situations were often closely associated with water-level
anomalies of duration less than twelve hours, but these situations were
not catalogued.
The close relationship found here between the occurrance of
these synoptic weather situations and water-level anomalies suggests that
the latter can be forecasted. By way of experiment, the National
Weather Service six-hourly charts were re-examined without reference to
any tabulation of water-level anomalies and it was possible to correctly
forecast the occurrence of 41 of the 42 water-level anomalies of
47

duration greater than twelve hours, It was possible to forecast the
amplitude of the water-level anomaly quantitatively, The abilty to
forecast anomalies of less than twelve hours duration was only mar-
ginally demonstrated by this procedure.
In view of the fact that pressure variations causing water-level
anomalies were due in most cases to either an eastward or westward
migration of the isobaric gradient over Monterey due to either inten-
sification or movement of the quasi-permanent high and low pressure
systems in the region, it may be concluded that point measurement of
the surface pressure at Monterey (values of which were used in this
study) is probably more useful than pressure integrated over a large
area of the sea surface around Monterey.
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FIGURE 19: LONG-TERM MEAN PRESSURE PATTERN - MAY
(from Hesse and Stevenson, 1968)
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FIGURE 20: SEA LEVEL PRESSURE CHART - 1600, 6 MAY 1971
50

FIGURE 21: LONG-TERM MEAN PRESSURE PATTERN - JUNE
(from Hesse and Stevenson, 1968)
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A comparison of the predicted and observed tides at Monterey over
the one-year period from 1 February 1971 through 31 January 1972 re-
vealed that the hourly water-level differences did not exceed J 0,9 feet
in magnitude and that they were normally distributed about zero water
level. A total of 263 water-level anomalies were identified, ranging
from 2 to 362 hours in duration, 42 water-level anomalies were of a
duration greater than 12 hours, and these were examined in detail with
regard to cause.
It was determined that change in atmospheric pressure was the domi-
nant cause. A regression analysis, by months, of the correlation
between water-level difference and atmospheric pressure revealed that
the water level responded in a near-hydrostatic manner. The response
was a function of the rate of change of pressure. In those cases where
the pressure changed rapidly, the water-level maxima lagged behind the
pressure maxima up to three hours; however, the amplitude response of
the water-level anomaly was approximately that expected from the pressure
change assuming a hydrostatic relationship.
The changes in atmospheric pressure which caused the 42 water-level
anomalies examined were found to be associated with four kinds of syn-
optic weather events:
1. Intensification of the North Pacific high-pressure cell and
displacement of the pressure gradient toward the Pacific Coast, produc-
ing above normal pressures at Monterey (12 cases)
.
2. Intensification of the predominant low-pressure trough over
Mexico and the southwestern United States and its advance northward
53

over Northern California, giving below normal pressures at Monterey
(23 cases)
,
3. Frontal passage with an associated decrease in pressure (5 cases)
4. Passage of a high-pressure center not related to the North
Pacific high-pressure cell (1 case)
.
Absence of wind 'stress as a factor in producing anomalies was attri-
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APPENDIX C: POSITIVE EXTREME WATER LEVEL ANOMALIES
MONTH BEGIN END DUR HOURLY WATER LEVEL
DIFFERENCES
FEB 00/01 01/01 2 4 4
1971
09/01 14/01 6 4 4 5 4 3 4
11/12 12/12 2 4 4
13/13 15/13 3 4 3 4
06/14 08/14 3 4 3 4.
03/16 11/17 33 43 4344454645
677776543345
5 5 6 6 5 5 5 4 4
MAR 18/12 20/12 3 4 3 4
13/20 15/20 3 4 4 4
03/25 07/25 5 4 3 4 5 4
19/25 20/25 2 5 4
02/26 09/26 8 43444534
20/29 23/29 4 5 5 4 5
APR 00/12 04/12 4 4 3 4 4
20/13 04/14 9 443445344
14/14 15/14 2 4 4
MAY 02/06 16/06 15 454544334343
5 5 4
JUN 06/17 11/17 6 5 4 4 4 3 4
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APPENDIX C]: POSITIVE EXTREME WATER LEVEL ANOMALIES (Cont)
MONTH BEGIN END DUR HOURLY WATER LEVEL
DIFFERENCES
SEP 16/09 07/09 2 5 6
23/11 01/12 3 4 5 4
22/12 01/13 3 " 5 7 7
22/13 01/14 3 5 4 4
17/14 00/15 8 44444454
12/16 13/16 2 4 4
22/16 01/17 4 4 5 2 2
OCT 11/16 13/16 3 4 5 4
NOV 07/15 15/15 9 453443444
03/16 06/16 4 4 4 4 4
DEC 14/21 15/22 26 445465677777
777765555544
4 4










APPENDIX C: POSITIVE EXTREME WATER LEVEL ANOMALIES (Cont)























7 5 5 4 5
4 3 4 3 5 4
4 4 4 4
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APPENDIX C: NEGATIVE EXTREME WATER LEVEL ANOMALIES (Cont)


























































4 3 5 4 3 4 4
4 4
4 3 4 4
6 3 4
4 4 5 3 5 5
4 4 5 4
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APPENDIX C: NEGATIVE EXTREME WATER LEVEL ANOMALIES (Cont)
MONTH BEGIN END DUR HOURLY WATER LEVEL
DIFFERENCES
JUL 15/10 16/10 2 4 4
OCT 05/29 07/30 27 444334345433
344432445544
4 4 4
NOV 09/02 11/03 27 444 3 34345433
344432445544
4 4 4
15/29 19/29 5 4 4 4 5 4
14/30 16/30 3 4 3 4
DEC 18/04 20/05 27 455455344444
445445444334
3 4 4
10/07 14/07 5 4 5 4 4 4
22/07 01/08 4 4 3 4 4
07/08 03/09 21 446667666654
544534434
07/09 17/09 10 4344545544
13/10 15/10 3 5 4 4'
09/11 02/12 18 454454543454
3 4 4 4 4 4
15/15 16/15 2 4 4
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APPENDIX C: NEGATIVE EXTREME WATER LEVEL ANOMALIES (Cont)
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